A study was undertaken to analyse the effect of short-term intubation on the voice. Children were examined laryngographically both pre-and postoperatively. Changes in larynx frequency distribution following intubation were documented using the technique of electrolaryngography; the resolution of these changes was similarly recorded. The results, in comparison with the frequency distributions associated with other disease states, give insight into the nature of the damage and its effect on vocal fold vibratory patterns. The technique therefore enables objective evidence of minor degrees of laryngeal trauma to be demonstrated and differentiated.
Introduction
Endotracheal intubation was first described in 1878 (MacEwan 1880) but not advocated for general anaesthesia until 1910 (Elsberg 1910) . Since that time it has become one of the most common and important procedures in modern medical practice. The morbidity rate of intubation is low but rendered significant because of its frequent use. Reviews of the more common complications have been published, as also have comparisons of morbidity rates with various techniques and materials (Baron & Kohlmoos 1951 , Blanc & Tremblay 1974 , Bryce et al. 1968 , Kambic & Radsel 1978 , McGovern et al. 1971 . Histological analyses of the lesions produced by intubation have been made with accuracy both quantitatively and qualitatively (Burns et al. 1970 , Hilding 1971 , Loeser et al. 1978 . The respiratory function of the larynx and trachea is the sole physiological activity to have undergone similar scrutiny following intubation (Stewart et al. 1980 , Strong & Passy 1977 .
Precise assessment of impairment of vocal fold vibration secondary to intubation is lacking and existing information scant (Hahn etal. 1970 , Holley & Gildea 1971 , Walts et al. 1980 , Whited 1979 . The present study was designed to demonstrate the degree, duration and mechanics of laryngeal dysfunction, with particular reference to speech, resulting from .short-term intubation in children.
Methods
Nine children admitted to Guy's Hospital for urological, orthopaedic or plastic procedures were assessed laryngologically pre-and postoperatively. Four of the subjects were female and 5 were male. Their ages ranged from 9 to 14 years with a median for the group of.I I years. None of the male subjects was undergoing puberty. Only 2 of the children had undergone anaesthesia previously and neither more recently than six months prior to their current admission.
Preoperative assessment consisted of an electrolaryngographic recording of a standard phonemically-balanced text: 'Arthur the Rat' (Abercrombie 1964 , Fourcin 1974 . All the subjects were interviewed to determine that no condition existed which might predispose to laryngeal pathology. Postoperative laryngographic recordings were made at one and seven days in 5 subjects, at one day in 3 children and on the second postoperative day in one patient. Symptoms of laryngopharyngeal discomfort were recorded at the time of these examinations.
. The anaesthetists were not informed of the interest in their patients. Details of the method and duration of anaesthesia, as well as the number and quantity of drugs administered, were obtained from the hospital records. This information was released after the laryngographic data had been processed and conclusions drawn. Thus it was found that a full spectrum of gas delivery methods had been employed: cuffed portex tubes, uncuffed tubes, pharyngeal airways and face mask ( Table 1) .
Analyses of the laryngographic records were made by studying the larynx frequency contours on a Voiscope" and plotting frequency distribution histograms using a PDP 12 computer (Fourcin 1981) . (In the figures and in subsequent discussion these are referred to as Fx contours and Fx histograms.)
Although each child acted as his own control, additional electrolaryngographic records were made from 5 children in perfect health, who had never undergone anaesthesia, in order to provide data from a separate, normal, control group.
Results
Preoperative larynx frequency distributions were found to be unusual in both the control and trial groups in comparison to the normal adult profile. Whilst the body of the fundamental frequency range was normal in all, the plots were asymmetrical due to a lowfrequency component (Figure 1 , pre-op). Examination of the larynx frequency contours suggested that whilst the majority were perfectly regular, the low-frequency irregularity had been produced by pitch breaks of varying duration and depths ( Figure 2 ). Postoperative recordings at 24 hours revealed a gross change in the fundamental frequency distributions, the main body of each being contracted and distribution pattern bimodal. A minor 10Wfrequency peak was seen to occur an octave below the major peak. The magnitude of the secondary low-frequency peak seemed to reflect the likely degree of intubational trauma. The most pronounced peaks were seen in cases in which a cuffed tube had been employed and the least in the case managed by a pharyngeal airway. Peaks of intermediate size were recorded in those cases in whom uncuffed tubes had been used. An insignificant difference existed between the pre-and postoperative Fx histograms of patient DC, in whom anaesthesia had been delivered by mask alone (Figure 3 ). Frequency contour (Fx) inspection in all cases demonstrated an increase in periods of diplophonic speech, and measurement showed that individual pitch breaks were in octave relationship (Figure 4 ).
All the children complained of pharyngolaryngeal discomfort, but quantification of these symptoms was influenced to a greater or lesser extent by pain from the operation site. It was our opinion that this rendered such information in the perioperative period unreliable. This discomfort had, however, totally resolved within 48 hours of operation in all the trial group. Despite this, distinct abnormalities in the Fx profiles could be seen after four days in patient JB ( Figure I, day 4) . Whilst most appeared to have returned to their preoperative Fx patterns within seven days, a more sensitive analysis based on larynx period-by-period comparison revealed persistent vocal fold vibratory irregularity ( Figure 5 ).
Discussion
The development of the young voice has not been extensively investigated and certainly not by the method described here. The low-frequency irregularity seen preoperatively in all the trial group was also present in the controls. Low-frequency components similar to these are seen in states where there is a spatial asymmetry of the vocal cords in either the vertical or horizontal planes, e.g. a unilateral vocal cord palsy (Wechsler et al. 1976) . It is caused by a temporal irregularity of glottic closure. Vocal quality may, in these cases, improve with time as auditorily-directed postural compensations are made by the larynx and learned centrally (Fourcin et al. 1983) . The "physical dimensions of the paediatric larynx are continually changing as a result of growth. Throughout development there must be constant postural adjustments being made and relearned. Perhaps it is during phases of rapid growth that these low-frequency components become more pronounced. This is currently the subject of further study. The prolonged pitch breaks seen after intubation, which were of precisely half the fundamental frequency, could not be accounted for by a mucosal irregularity or loading of the vocal cords. Similarly, it is known that the duration of effect of antisialogogues on vocal fold vibration is likely to be less than six hours (Fourcin 1981) . It is thought that spatial asymmetry secondary to stretching of the cords by the endotracheal tube and associated damage to the laryngeal proprioceptors (Kirchner & Wyke 1965 , Adzaku & Wyke 1979 might produce these irregular closures. Figure 5 . Scatterplots illustrating the larynx frequency range and regularity of patient JB preoperatively and postoperatively at 1 and 7 days. The size of each point is proportional to the number of times that frequency occurs. In normal voicing, a series of points is seen in a diagonal line across the plot, the length of the line being proportional to the fundamental frequency range. Vibratory irregularities are represented by parallel plots. In the immediate postoperative period both the frequency range is shortened and irregularity more pronounced. Return to the preoperative state has not occurred even at one week This limited study has shown that minor degrees of laryngeal trauma can be demonstrated and differentiated by this technique in an objective fashion. The need to rely solely upon subjective evidence has been eliminated. The findings complement existing histological and endoscopic studies and suggest that this technique should be used more often in the investigation of vocal abnormalities.
